Wheezing associated with respiratory viral infections in infancy is very common and results in high morbidity worldwide. The Th1/Th2 pattern of immune response in these patients remains unclear and previous studies have shown controversial results. The aim of the present study was to compare the type of Th1/Th2 cytokine response between infants with acute bronchiolitis, recurrent wheezing and upper respiratory infections from a developing country. Infants younger than 2 years of age admitted to Hospital São Lucas, Porto Alegre, RS, Brazil, between May and November 2001, with an acute episode of wheezing associated with viral respiratory infection were selected. Subjects with upper respiratory infections from the emergency department were selected for the control group. Interferon-γ (IFN-γ) and interleukin-4 (IL-4) levels from nasal aspirates were determined by ELISA from peripheral mononuclear cell cultures. Twenty-nine subjects with acute bronchiolitis, 18 with recurrent wheezing and 15 with upper respiratory infections were enrolled. There were no differences in family history of atopy or parental smoking between groups. Oxygen requirement was similar for the acute bronchiolitis and recurrent wheezing groups. The percentage of positive tests for the cytokines studied and the IFN-γ/IL-4 ratio was similar for all groups. Comparison of the polarized Th1/Th2 cytokine results for the various groups showed no specific pattern of cytokine production. Infants with wheezing from a developing country do not show any specific predominant pattern of Th1/Th2 cytokine production, suggesting that multiple factors may be involved in the pathogenesis of this illness. 
Wheezing in infancy is very common worldwide. Inflammation of the airways has been widely studied as a main feature involved in the pathogenesis of wheezing associated with respiratory viral infections in early life (1) . However, the pattern of lymphocytic cytokine response to viral insults occurring in wheezing infants is not clear. Th1 lymphocyte cytokine production (interferon-γ, IFN-γ, and interleukin-2, IL-2) is responsible for the cell-mediated immune response. Th2 lymphocyte cytokine production (IL-4 and IL-5) stimulates antibody production, especially IgE response, also en-P.M.C. Pitrez et al.
hancing eosinophil production and activity (2, 3) . Previous reports have shown contradictory results regarding acute bronchiolitis (AB), indicating that either Th1 or Th2 responses may predominate in this disease (4) (5) (6) . Other studies, however, have reported that there is no specific Th1 or Th2 pattern of response in infants with AB (7, 8) .
Recent data comparing asthma prevalence between developed and non-developed countries have shown that poorer populations present a lower asthma/wheezing prevalence than more affluent societies (9, 10) . Viral, bacterial and parasitic infections are some of the associated risk factors that can influence the different frequencies of asthma between these populations (11) . To our knowledge, there are no previous studies of the Th1/Th2 response during acute wheezing episodes in infants from a developing country population.
Thus, the aim of the present study was to determine whether an imbalance of either Th1 or Th2 predominates in infants from a developing country population with viralassociated acute wheezing.
Infants admitted to Hospital São Lucas, Pontifícia Universidade Católica do Rio Grande do Sul, Porto Alegre, RS, Brazil, between May and September 2001, with acute wheezing and symptoms of viral respiratory infection including clear or mucoid rhinorrhea, cough and tachypnea, were selected for the study. Family history of asthma, parental smoking and oxygen requirement were recorded. Subjects with previous cardiopulmonary diseases or steroid treatment were excluded. Subjects were then classified as having the first episode of wheezing (AB) or recurrent wheezing (RW). Infants with upper respiratory infection (URI) were selected as the control group from the emergency department. URI subjects had no wheezing or crackles on examination and had oxygen saturation >96%.
The study was approved by the Ethics Committee of Hospital São Lucas. All parents gave written informed consent.
Samples of nasopharyngeal aspirate (NPA) were obtained within the first 48 h of admission by placing a polyethylene catheter in the nasopharynx and applying gentle suction into a mucous trap. The catheter was flushed with 1 ml phosphate-buffered saline.
The samples were then centrifuged at 2000 rpm for 2 min and the supernatant was removed and frozen (-80ºC) for cytokine analysis. NPA was stained by immunofluorescence for respiratory syncytial virus (RSV).
The concentrations of IFN-γ and IL-4 were determined by ELISA (Pharmingen, San Diego, CA, USA), with a detection limit of 4.7 and 7.8 pg/ml, respectively. Results were considered to be negative when cytokine concentrations were below the detection limit. Polarized (Th1 or Th2) cytokine results were considered to be present when one cytokine was detected and the other was negative.
Cytokine level results are presented as median and interquartile. The Mann-Whitney test and ANOVA were used to compare cytokine levels between the groups studied, with the level of significance set at P < 0.05.
Twenty-nine subjects with AB, 18 with RW and 15 with URI were enrolled in the study. The characteristics of the subjects studied are shown in Table 1 . Infants with AB were younger than the other groups studied (P < 0.001). There was no difference in family history of asthma or parental smoking between the groups studied. Oxygen requirement was similar for the subjects with AB and RW. RSV infection was detected in 22 (76%) subjects with AB, 10 (56%) subjects with RW and 7 (47%) subjects with URI. The prevalence of RSV infection was not significantly different between the groups studied. None of the AB and RW subjects studied required mechanical ventilation.
The percentage of positive tests for the cytokines studied and the IFN-γ/IL-4 ratio was similar for the groups studied. The me-dian levels of cytokines studied also did not differ significantly between groups (Table  1) .
Neither IFN-γ nor IL-4 were detected in 21 subjects with AB and 10 with RW. However, skewed cytokine production and a mixed pattern were detected in both groups. When values of IFN-γ levels in NPA were plotted against IL-4 levels and the polarized Th1/Th2 cytokine results were analyzed in these subjects, no specific pattern of the type of cytokines produced was detected in subjects with AB and RW ( Figure 1) .
It was not possible to compare the severity of AB episodes between polarized and non-polarized subjects because of the small sample size. There was no difference in immune response between the groups studied when data were analyzed separately by virus type.
In the present study, virus-associated wheezing in infancy was not associated with any specific pattern of lymphocyte cytokine production. It is not clear whether a Th1 or Th2 response may be triggered by the respiratory viruses themselves or may be particularly regulated by the intrinsic host immune response pattern.
In the late 1990's, many studies focused on the pattern of lymphocyte cytokine production in AB. Many reports have shown that AB due to RSV may be associated with a Th2-lymphocyte response (4, 5, 12, 13) . IL-4 production during AB could be induced by RSV infection and could be associated with the development of lower airway tract disease in infancy. Moreover, Renzi and colleagues (5) have found an association of increased IL-4 with wheezing after AB in response to Dermatophagoides farinae. However, other studies have shown contradictory results. An increased IFN-γ production was found in infants with AB and recurrent wheezing (6, 14) .
In the present study, we have shown that the development of AB and RW in infancy is not related to a uniformly skewed pattern of cytokine lymphocyte production. Our results agree with recent data showing both Th1 and Th2 cytokine release in infants with lower respiratory tract illness caused by RSV (7). Moreover, Mobbs and colleagues (8) have also shown that divergent T-cell responses can be found in severe RSV-induced AB. In Given that our population sample was selected from a developing country, we could hypothesize that many environmental factors (parasitic/bacterial infections and endotoxin exposure) may influence the development of the immune response during infancy. However, the group of subjects studied was very young and environmental factors would not have a significant impact in this early stage of life. Moreover, our findings also suggest that the virus-induced immune response is not responsible for a uniform pattern of lymphocyte cytokine release.
The present results suggest that the pattern of lymphocyte production after acute bronchiolitis or recurrent wheezing is not uniform. The "genetic" characteristic of the Th1/Th2 response and environmental factors may influence the immune response established during and after AB. Further studies with larger samples and a longitudinal design with subjects from different socioeconomic levels in different countries are required to elucidate the role of the Th1 and Th2 response associated with the development of AB and wheezing in infancy.
